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INTRODUCTION
Diffuse large B-cell lymphoma (DLBCL) is the most frequent lymphoma subtype. It is an aggressive lymphoma, heterogeneous with respect to morphology and clinical outcome. The current standard treatment is anthracycline-containing chemotherapy with the addition of rituximab.
Based on knowledge obtained from gene expression profiling, [1, 2] immunohistochemistry has been used to separate DLBCL into prognostically different subgroups based on cell of origin. The "germinal center (GC) phenotype" is characterized by CD10 and/or BCL6 expression [3] , and associated with a better prognosis. The "activated B-like type" (ABC) is usually defined by absence of GC markers and presence of the MUM1/IRF4 antigen, a marker of plasmacytic differentiation, and is associated with an adverse clinical outcome.
A third group, "group 3", also associated with inferior survival, has been identified by gene expression profiling, genotypically located between the GC and ABC group [2] . The corresponding immunohistochemical features are not defined. For practical reasons it is usually combined with the ABC group, creating a "non-germinal center phenotype" (non-GC) [3] .
The aim of the present study was to elucidate how different immunohistochemical techniques may influence the result of BCL6 and CD10 scoring and categorization in GC and non-GC derived DLBCL.
PATIENTS AND METHODS

Patients
Paraffin-embedded tumor tissue from 122 patients (64 males and 58 females) diagnosed with DLBCL, stage II-IV, during the period 1990-2002 at the University Hospitals of Lund, Uppsala and 4 Umeå were included in the analysis. Cases with primary CNS-involvement or primary mediastinal B-cell lymphoma or transformation from low-grade lymphoma were excluded. The DLBCL diagnosis was revised according to the WHO classification by a reference pathologist (ME). Patients were aged between 18 and 84 with a median age of 63 years.
Immunohistochemistry
Paraffin blocks were cut at 4-6 µm, dried over night at 60° and deparaffinised in xylene.
Subsequently, sections were rehydrated through graded alcohol in water. Heat-epitope retrieval was achieved by boiling sections in EDTA buffer at pH 8.9 in a microwave oven at 800 W for 7 min and 300 W for 15 min. After boiling, sections were allowed to cool at room temperature for 20 min, rinsed thoroughly with water and placed in a Tris-buffered saline for 5 min. The primary antibodies were incubated for 25 min in room temperature. Endogenous peroxidase was blocked with peroxidase block solution provided in the EnVision kit for 25 min, and slides was rinsed with Trisbuffered saline. The immunostaining was performed using the Tech-Mate instrument (DAKO) and EnVision method (DAKO) according to the manufacturer´s instructions. For BCL6 staining with a conventional biotin-streptavidin method, LSAB (DAKO) was also performed [4] . BCL6 (DAKO, dilution 1:50), CD10 (NovoCastra, 1:100) and MUM1 (DAKO, 1:25) were analyzed on whole tissue sections (WTS) and in a tissue micro array system (TMA). For TMA, sections were stained with hematoxylin-eosin from each of tumor biopsy block, and areas of representative, nonnecrotic sites were marked. From each tumor block, three 0.6 mm core biopsies were punched and positioned in a recipient paraffin block using a custom-made precision instrument. Stainings were interpreted as positive if >30% of tumor cells were positive. The fraction of BCL6-positive cells was estimated. The final conclusion of positive or negative staining was based on an estimated mean of the whole section. Positive controls were run in parallel with the staining of the sections to rule out false negative results. 5 Classification into GC and non-GC DLBCL was performed using the algorithm proposed by Hans et al [3] .
RESULTS
The results of immunohistochemistry are summarized in Table 1 .
By use of a conventional biotin-avidin method (LSAB), BCL6 was positive in 12% on TMA sections. Using a more sensitive technique, EnVision, and the same TMA-blocks, BCL6-positivity was twice as high, 25%.
On WTS, stained for BCL6, it was apparent that a high number of positively stained nuclei were concentrated in focal areas, up to 70-80% in selected fields of view, while other areas displayed less than 10% positive nuclei (Figure 1) . Consequently, on WTS, BCL6 status changed from negative to positive in 29% and was considered positive in 53% of the cases.
By TMA and EnVision, CD10 was positive in 37 % of the cases. On WTS, CD10 status changed from positive to negative in six percent and from negative to positive in two percent and was considered positive in 33%. For MUM1, there was no difference between TMA and WTS, due to homogenous staining.
By the use of WTS, 47% were classified as GC-DLBCL, which were associated with a superior OS.
Median survival for non-GC and GC cases was 32.5 and 121 months respectively (p=0.006).
By TMA, 40 % were classified as GC-DLBCL. Median survival for non-GC and GC cases according to TMA results was 44 and 62 months respectively (p=0.19), i e not significantly different.
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DISCUSSION
The algorithm for creating an immunohistochemical GC-profile proposed by Hans et al [3] , uses the combination of the three markers CD10, BCL6 and MUM1/IRF4. Several studies [5, 6] , but not all [7] [8] [9] have found significant survival benefits for patients with a GC-profile, in some series using other cut-off values, or using CD138 as an additional marker of non-GC origin. These studies have been performed in patients treated with chemotherapy alone. The current standard of care for DLBCL is chemoimmunotherapy, including the CD20-antibody rituximab, and one may argue that the prognostic impact of GC-profiling in the rituximab era is not yet settled.
However, from a tumor biological standpoint, DLBCL should be regarded as at least two biologically separate entities, possibly benefiting from different treatment approaches.
Hence, it may be suggested that immunohistochemical profiling should be a part of the diagnostic assessment of DLBCL, in clinical routine and in clinical trials.
However, our present results show that there are several problems to be solved before this method is introduced into clinical practice.
Firstly, BCL6-positivity depends on the immunohistochemical technique used. We found that the use of the EnVision method (DAKO) renders a much higher degree of positivity than using the same antibody in a traditional biotin-streptavidin method (LSAB).
Secondly, and more importantly, we found a great discrepancy between BCL6 status determined on tissue microarrays and whole tissue sections. Examined on whole sections, BCL6 status changed in 29% of the cases. One explanation could result from poor TMA-sampling, resulting in false negative results. However, the core biopsies were initially scrutinized and not accepted for inclusion if the material was unrepresentative. Another, more probable explanation lies in the fact that BCL6 displayed a very heterogeneous staining pattern. Within the same tumor, we found hot spots 7 containing 70-80% positively stained nuclei, while in other areas less than 10% of the nuclei were positive. This makes the TMA technique inappropriate for immunohistochemical evaluation of BCL6 expression, due to a high risk for non-representative core biopsies, although it is possible that a higher number of core biopsies may reduce the number of false BCL6-negatives.
Possibly due to these difficulties, the international Lunenburg Lymphoma Biomarker Consortium found a very low reproducibility for BCL6 expression in DLBCL, compared to other markers [10] .
When CD10 was analyzed both on TMA and WTS, there was a lack of concordance in 9% of the cases, a somewhat more reasonable discrepancy, within the expected margins of error [11, 12] .
In conclusion, due to the difficulties described, immunohistochemical GC-status determined on tissue microarrays is not reliable enough to be used for individual treatment decisions in DLBCL.
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